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[57] ABSTRACT 
A connector apparatus for a memory card comprises a 
one-piece integrated metallic frame having a cross 
member and a pair of guide rails integrally extending 
from the cross member. Mounting means in the form of 
narrow slots are integrally formed on at least one guide 
rail to allow the push rod of an ejector mechanism to be 
mounted on the guide rail. Alternatively, the mounting 
means may be symmetrically formed on both guide rails 
to allow selective mounting of the push rod on either 
guide rail. Various other components of the ejector 
mechanism are mounted to the one-piece frame via 
respective tab and slot mechanisms to reduce the need 
for additional mounting hardware. Other functional 
components of the connector apparatus are integrally 
formed on the one-piece frame, including static dis 
charge contacts, spring contacts for memory card 
grounding points, and mounting provisions for mount 
ing the connector to a printed circuit board. A method 
of making the connector apparatus comprises forming a 
blank of the one-piece frame and then bending the blank 
at predetermined locations to form the integral guide 
rails. 

41 Claims, 10 Drawing Sheets 7 
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CONNECTOR APPARATUS FOR MEMORY 
CARDS HAVING A ONE-PIECE INTEGRATED 

FRAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a connector appara 

tus for plate-like integrated circuit cards that can be 
used to connect such cards to a host device, and more 
particularly, to a connector apparatus having a one 
piece integrated frame, and to a method of making the 
apparatus. 

2. Description of the Prior Art 
Plate-like integrated circuit cards, commonly re 

ferred to in the art as “memory cards”, have become 
increasingly popular for use in notebook, laptop and 
desktop computers, as well as other consumer products. 
Standard speci?cations from the Personal Computer 
Memory Card International Association (PCMCIA) 
and the Japan Electronic Industry Development Asso 
ciation (JEIDA) have helped to expand this relatively 
new industry. Other standard speci?cations have been 
developed by the Joint Electron Device Engineering 
Council (JEDEC). Although commonly referred to as 
“memory cards,” these cards are by no means limited to 
data storage applications. For example, some cards may 
perform various I/O functions for modern and local 
area network applications. 

Currently, the PCMCIA/JEIDA standard cards in 
corporate a 68-pin female connector at one end, and are 
available in three formats. Type I houses SRAM, 
PSRAM, MROM, OPTROM, and ?ash memory chips 
and only performs memory functions. Type I cards 
have a thickness of 3.3 mm. Type II cards perform I/O 
functions for modem and local area network (LAN) 
applications. The side edges of Type II cards are 3.3 
mm thick, however, the main body of the cards is 5.0 
mm thick. Type III cards are really not “cards,” but 
rather 1.8 inch hard disk drives having a 10.5 mm thick 
housing. Again, however, these cards are equipped with 
outside edges of 3.3 mm. 
Given the increasing popularity of these “memory 

cards,” a need has arisen for suitable connector devices 
for connecting these cards to printed circuit boards in 
host devices, such as notebook, laptop and desktop 
computers. A number of connector devices have ap 
peared in the prior art. Prior art connector devices 
typically comprise some sort of frame or housing into 
which a memory card may be inserted. A contact 
header with an array of pin contacts is provided at the 
far end of the housing to connect with a corresponding 
contact array disposed in the front end of the memory 
card. Many prior art connector devices employ an ejec 
tion mechanism having an ejector plate that engages 
with the memory card, a rotatable lever mounted on the 
housing and coupled at one end to the ejector plate, and 
a push rod coupled to the other end of the lever. To 
eject a memory card, the push rod is manually driven 
toward the contact header. Movement of the push rod 
toward the contact header is translated through the 
rotating lever into movement of the ejector plate away 
from the contact header. As the ejector plate moves 
away from the contact header, it engages with the mem 
ory card thereby disconnecting the memory card from 
the array of contacts on the header and urging the mem 
ory card backward out of the connector device. Cur 
rently, the focus of design efforts in the memory card 
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2 
connector ?eld is on reducing the pro?le (height, width, 
etc) and cost of these connectors. 

Current prior art connector devices are disadvanta 
geous for several reasons. First, the frames or housings 
of typical prior art connectors comprise a plurality of 
individual components that must be assembled to form 
the completed frame or housing. For example, the op 
posing guide rails in some prior art connectors are 
formed separately from the remainder of the frame and 
must be assembled to the frame. Additionally, static 
discharge contacts, grounding contacts, and various 
other functional components are typically formed as 
separate components that must be assembled on the 
frame. Because most of the functional components in 
prior art connectors are formed separately, both cost 
and assembly time are increased. 
Another problem found in most prior art connector 

devices is that the various components of the ejector 
mechanism, i.e. the push rod, lever and ejector plate, are 
coupled together with additional hardware. The addi 
tional hardware not only increases the cost and com 
plexity of these devices, but can also result in a higher 
pro?le connector. 
Yet another disadvantage of most prior art connec 

tors is that the push rod of the ejection mechanism can 
only be mounted on one side of the connector device; 
that is, push rod mounting provisions are only formed 
on one side of the connector device. Thus, a different 
frame must be manufactured for applications that re 
quire the push rod to be mounted on the opposite side. 
US. Pat. No. 5,145,389 (Okubo) describes a connector 
apparatus that does provide for mounting a push rod on 
either side of the device. However, the push rod mounts 
on the Okubo connector are bulky, and the connector 
also suffers from the other disadvantages described 
above. For example, the frame of the connector com 
prises two separate components that must be assembled 
and secured with additional hardware. Additionally, 
the lever of the ejection mechanism is mounted to the 
frame using a separate shaft that increases the cost of the 
device as well as the assembly time, and the mechanisms 
for connecting the push rod and ejector plate to the 
lever are bulky and therefore do not provide a low 
pro?le connection. 
Given the numerous disadvantages of prior art mem 

ory card connectors, there is a need for a low-cost con 
nector apparatus for memory cards that has a reduced 
number of separate components, has an extremely low 
pro?le, and does not require additional mounting hard 
ware for coupling the various components of the ejec 
tor mechanism to the frame and each other. The present 
invention satis?es these needs. 

SUMMARY OF THE INVENTION 

The present invention is directed to a connector ap 
paratus for plate-like integrated circuit cards, or “mem 
ory cards.” The connector apparatus of the present 
invention comprises a one-piece integrated metallic 
frame having a cross member and a pair of guide rails 
integrally extending from the cross member in at least 
one direction. The guide rails are preferably spaced at 
an interval substantially equal to the width of a typical 
memory card. Push rod mounting means are integrally 
formed on at least one of the guide rails of the one-piece 
frame for mounting the push rod of an ejector mecha 
nism to the guide rail. In a preferred embodiment, push 
rod mounting means are symmetrically formed on both 
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guide rails so that the push rod may be mounted to 
either side of the frame, as desired. Preferably, the push 
rod mounting means integrally formed on each guide 
rail comprise a plurality of narrow slots. A contact 
header is coupled to the frame proximate the cross 
member thereof and has a plurality of contacts arranged 
to electrically connect with a memory card inserted 
between the opposing guide rails. 
An ejector mechanism coupled to the one-piece inte 

grated frame comprises a push rod, a lever and an ejec 
tor plate. As mentioned, the push rod may be slidably 
mounted on one of the guide rails via the push rod 
mounting means integrally formed on that guide rail. In 
the embodiment described above wherein the push rod 
mounting means comprise a plurality of narrow slots, 
the push rod is formed with a corresponding plurality of 
integral tabs positioned to mate with the corresponding 
slots on the guide rail. The push rod is mounted on the 
guide rail by inserting the tabs of the push rod through 
the corresponding slots on the guide rail. Once 
mounted, the push rod is operable to slide back and 
forth lengthwise of the guide rail. 
The ejector plate is movably coupled to the frame 

proximate the cross member and is operable to slide 
toward and away from the contact header in a direction 
parallel to the lengthwise extension of the guide rails. 
The ejector plate has engaging hooks that engage with 
the forward end face of a memory card connected to 
the contacts on the contact header. The lever is rotat 
ably mounted on the cross member of the frame. A ?rst 
end of the lever is coupled to the ejector plate and a 
second end is coupled to the push rod. Movement of the 
push rod toward the contact header is translated 
through the lever into movement of the ejector plate 
away from the contact header. As the ejector plate 
moves away from the contact header, the ejection 
hooks on the ejector plate engage with the forward end 
face of the memory card and urge the memory card 
backward out of the connector apparatus. 
At least one static discharge contact is preferably 

integrally formed on at least one of the guide rails of the 
one-piece metallic frame. Additionally, at least one 
spring contact may be integrally formed on at least one 
guide rail for mating with the ground contacts on a 
Type III PCMCIA memory card. 

Preferably, the ejector plate and the lever are posi 
tioned on opposite sides of the cross member of the 
one-piece metallic frame and are coupled to each other 
through an aperture in the cross member. According to 
one embodiment, the ?rst end of the lever has an inte 
gral claw that extends through the aperture in the cross 
member to engage with a mating claw integrally 
formed on the ejector plate. 
The lever is preferably coupled to the cross member 

using a tab and slot mechanism integrally formed on the 
lever and the cross member. According to one embodi 
ment, the tab and slot mechanism may comprise a circu 
lar opening with radially extending slots formed on the 
cross member, and a corresponding circular projection 
with radially extending tabs integrally formed on the 
lever. The lever is coupled to the cross member by 
aligning the radially extending tabs and slots, inserting 
the circular projection through the circular opening, 
and then rotating the lever into place such that the tabs 
are no longer aligned with the slots and extend past the 
outer circumference of the circular opening on the 
opposite side of the cross member. Because the push rod 
may be mounted on either side of the one-piece inte 
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4 
grated frame, the cross member preferably has a pair of 
such openings symmetrically spaced on either side of 
the cross member. In this manner, the lever may be 
selectively coupled to either side of the cross member 
depending upon which guide rail the push rod is 
mounted. 

Preferably, the second end of the lever is also coupled 
to the push rod via a tab and slot mechanism integrally 
formed on the push rod and the second end of the lever. 
According to one embodiment, the tab and slot mecha 
nism comprises a raised slot integrally formed on the 
lever and a tab member integrally extending from one 
end of the push rod. Retaining means are integrally 
formed at the distal end of the tab member. The push 
rod is coupled to the lever by inserting the tab member 
through the raised slot until the retaining means engage. 
Preferably, the tab member comprises a bifurcated arm 
having first and second parallel branches spaced at a 
narrow interval, the retaining means comprising a pair 
of radially extending projections each integrally formed 
at the distal end of a respective branch of the bifurcated 
arm. 

Preferably, the one-piece metallic frame is formed 
from a blank that is stamped from a ?at sheet of metal 
and then bent at predetermined locations to form the 
guide rails and cross member. Similarly, the push rod is 
preferably formed from a blank that is stamped from a 
?at sheet of metal and then folded along the length 
thereof at predetermined locations to form the push rod. 
According to one aspect of the present invention, the 
same push rod blank may be used to form a push rod for 
mounting on either one of the guide rails. 

Preferably, the push rod, the ejector plate and the 
lever, in addition to the one-piece integrated frame, are 
formed of metal. The contact header is preferably 
formed of plastic. 
A method of making a connector apparatus in accor 

dance with the present invention comprises the steps of 
forming a thin metallic blank of a one-piece integrated 
frame, and then bending the blank at predetermined 
locations to form a pair of guide rails that integrally 
extend from a cross member portion of the blank in at 
least one direction and that are spaced at an interval 
substantially equal to the width of a memory card. At 
least one of the guide rails has push rod mounting means 
integrally formed thereon. Preferably, the blank is bent 
to form guide rails each having a substantially U-shaped 
cross-section. A contact header, push rod, ejector plate 
and lever are then assembled to the one-piece integrated 
frame. 

Additional features of the present invention will be 
come evident hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing summary, as well as the following 
detailed description of the preferred embodiment, is 
better understood when read in conjunction with the 
appended drawings. For the purpose of illustrating the 
invention, there is shown in the drawings, an embodi 
ment that is preferred, it being understood, however, 
that the invention is not limited to the speci?c methods 
and instrumentalities disclosed. In the drawings: 
FIG. 1 is a perspective view of a connector apparatus 

in accordance with a preferred embodiment of the pres 
ent invention; 
FIG. 2 is a top view of a blank from which the one 

piece metallic frame of the connector apparatus of FIG. 
1 is formed; 
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FIG. 3 is a perspective view of the one-piece metallic 
frame formed from the blank of FIG. 2; 
FIG. 4 is a top view of a portion of the frame of FIG. 

3; 
FIG. 5 is a side view of the portion of the frame 

shown in FIG. 4; 
FIG. 6 is a top view of a blank from which the push 

rod of FIG. 1 is formed; 
FIG. 7 is a perspective view of the push rod formed 

from the blank of FIG. 5; 
FIG. 8 is a top view of the lever of FIG. 1; 
FIG. 9 is a front view of the lever of FIG. 8; 
FIG. 10a is a top view of the contact header of FIG. 

1; 
FIG. 10b is a side view of the contact header of FIG. 

1041; 
FIG. 11 is a top view of the ejector plate of the con 

nector apparatus of FIG. 1; 
FIG. 12 is a front end view of the ejector plate of 

FIG. 11; 
FIG. 13 is a top view of a portion of the assembled 

connector apparatus of FIG. 1; 
FIG. 14 is a side view of a portion of the assembled 

connector apparatus of FIG. 1; v 
FIG. 15 is an end view of one of the guide rails of the 

connector apparatus of FIG. 1 illustrating further de 
tails of the mounting of a push rod to the guide rail; 
FIG. 16 is a sectional view of the connector apparatus 

of FIG. 13 taken along line 16——16; 
FIG. 17 is a sectional view of the connector apparatus 

of FIG. 13 taken along line 17-17; 
FIG. 18 is a top view of a portion of the connector 

apparatus of FIG. 1 illustrating further details of the 
plastic button; and 
FIGS. 19a and 19b show alternate orientations of the 

plastic button of FIG. 18. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to the drawings wherein like numerals 
indicate like elements throughout, there is shown in 
FIG. 1 a perspective view of a connector apparatus 10 
for a memory card (not shown) in accordance with a 
preferred embodiment of the present invention. As used 
herein, the term “memory card” refers to any plate-like 
integrated circuit card regardless of function, including 
those speci?ed by the PCMCIA, JEIDA and JEDEC 
associations. As shown, the connector apparatus 10 
comprises a one-piece metallic frame 12 having a pair of 
guide rails 14, 16 and a narrow cross member 15 inte 
grally extending between the guide rails 14, 16 at one 
end thereof. The guide rails 14, 16 are spaced at an 
interval roughly equal to the width of a memory card. 
As described hereinafter in greater detail, at least one of 
the guide rails 14, 16, and preferably both guide rails, 
has mounting means integrally formed thereon so that a 
push rod may be mounted on the guide rail. FIG. 1 
illustrates the mounting of a push rod 24 to guide rail 14. 
As described hereinafter, the push rod 24 is manually 
operable to slide back and forth lengthwise of the guide 
rail 14. A contact header 36 is coupled to the frame 12 
proximate the cross member 15. The contact header 36 
has an array of contacts 38 arranged to electrically 
connect with a memory card inserted between the op 
posing guide rails 14, 16. An ejector plate 32 is movably 
coupled to the frame proximate the cross member 15. 
The ejector plate 32 is operable to slide toward and 
away from the contact header 36 in a direction parallel 
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6 
to the lengthwise extension of the guide rails 14, 16. A 
pair of engaging hooks 34a, 34b depend from the under 
side of the ejector plate 32 to engage with a forward end 
face of a memory card connected to the array of 
contacts 38 on the contact header 36. A lever 30 is 
rotatably mounted on the cross member 15 of the frame 
12. A ?rst end of the lever 30 is coupled to the ejector 
plate 32 through an aperture 48 in the cross member 15. 
A second end of the lever is coupled to the push rod 24, 
as shown. A plastic button 5 may be inserted into the 
end of the push rod 24 as shown. 
According to an important feature of the present 

invention, many functional components of the connec 
tor apparatus that are normally provided as individual 
assemblies in prior art connectors, are integrally formed 
in the one-piece metallic frame 12 of the present inven 
tion. FIG. 2 is a top view of the blank of a one-piece 
integrated frame 12 in accordance with the present 
invention. The blank shown in FIG. 2 is preferably 
stamped from a thin sheet of metal and then folded, or 
bent, in predetermined locations to form the one-piece 
frame 12. For example, the respective guide rails 14, 16 
are formed by bending the blank along the dashed lines 
11 in FIG. 2. Preferably, the guide rails 14, 16 each have 
a substantially U-shaped cross section. FIG. 3 is a per 
spective view of a one-piece metallic frame 12 as 
formed from the blank of FIG. 2. 

Referring to FIGS. 2 through 5, the integral features 
of the frame 12 will now be described. As mentioned 
brie?y above, at least one of the guide rails 14, 16 has 
mounting means integrally formed thereon for mount 
ing a push rod (e.g., push rod 24 of FIG. 1) to the guide 
rail. According to the preferred embodiment, push rod 
mounting means are integrally formed on both guide 
rails 14, 16 so that a push rod can be mounted to either 
one of the guide rails 14, 16, as desired. Preferably, the 
push rod mounting means integrally formed on each 
guide rail 14, 16 comprises a plurality of narrow slots 
18, 20, 19 and 25. Slots 18 and 20 are formed on the top 
of the respective guide rails 14, 16 and slots 19 and 25 
are formed on the sides of the respective guide rails 14, 
16. As shown, in the preferred embodiment, the ar 
rangement of slots 18, 20, 19, 25 on the respective guide 
rails 14, 16 is symmetrical, and all of the slots 18, 20, 19, 
25 extend in a direction parallel to the lengthwise exten 
sion of their respective guide rail 14, 16. The symmetri 
cal arrangement of slots allows a push rod 24 to be 
selectively mounted to either one of the guide rails 14, 
16. An advantage of this feature of the present invention 
is that the same frame 12 can be used regardless of 
which guide rail 14, 16 the push rod 24 must be mounted 
on. 

A ?rst pair of opposing guide members 23a, 23b are 
integrally formed at the insertion end of the respective 
guide rails 14, 16 for initially guiding a memory card 
into the connector apparatus 10. As best shown in FIG. 
4, the ?rst pair of guide members 23a, 23b are angled 
with respect to the insertion direction to allow for, and 
to correct, any slight misalignment of the card as it is 
inserted into the connector apparatus 10. A second pair 
of opposing guide members 21a, 21b are integrally 
formed on the respective guide rails 14, 16 for further 
guiding the memory card into the connector apparatus 
10. The second pair of guide members 21a, 21b extend 
parallel to each other and are spaced at an interval 
substantially equal to the width of a memory card such 
that the opposing side edges of the memory card ?t 
closely between the respective guide members 21a, 21b. 
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As can be appreciated from FIGS. 2 and 3, the guide 
members 23 and 27 are formed from the blank of FIG. 
2 by bending the respective guide members downward 
until they extend substantially perpendicular to the top 
portion of their respective guide rails 14, 16. 
A plurality of small projections 17 are formed at 

pre-determined locations on the top and bottom sur 
faces of the respective guide rails 14, 16. FIG. 5 best 
illustrates the location of the respective projections 17. 
The spacing between corresponding upper and lower 
projections 17 is substantially equal to the height of the 
side edges of a memory card. The projections 17 and 
guide members 23 and 27 cooperate to form a channel 
for receiving the memory card. 
A pair of static discharge contacts 27a, 27b are inte 

grally formed in the top portion of each guide rail 14, 
16. The static discharge contacts 27a and 27b are posi 
tioned to mate with corresponding static discharge 
points on a memory card inserted in the connector 
apparatus 10. A pair of spring contacts 22a and 22b are 
also integrally formed on each guide rail 14, 16. The 
spring contacts 22a and 22b are positioned to mate with 
corresponding electrical ground contacts provided on 
the sides of Type III PCMCIA memory cards. Type III 
PCMCIA cards have been provided with ground 
contacts at these points in order to reduce EMI (electro 
magnetic interference) emissions. As best shown in 
FIGS. 3 and 4, the spring contacts 22a and 22b are bent 
at their distal ends so that they protrude into the inser 
tion path of a Type III memory card and will springably 
engage with the ground contacts on the sides of the 
card when the card is fully inserted. Of course, when a 
memory card that does not have ground contacts at 
these points is inserted into the connector apparatus 10, 
the spring contacts 220 and 22b will simply press harm 
lessly against the sides of the card. 
Mounting members 50a and 50b are integrally formed 

on the respective guide rails 14, 16 for mounting the 
connector apparatus 10 on a printed circuit board (not 
shown) in a host device, such as a notebook, laptop or 
desktop computer. The depending portions of each 
contact pin of the contact array 38 typically will be 
soldered to corresponding points on the circuit board 
(not shown). Substantially square apertures 39:: and 39b 
are formed on the respective sides of each guide rail 14, 
16 for mounting the contact header 36 to the one-piece 
frame 12. Cutouts 45a and 45b are provided at the outer 
corners of the cross member 15 to facilitate assembly of 
the lever 30 to the cross member 15, as described herein 
after. Support members 41a and 41b are provided on the 
bottom of each guide rail 14, 16 to provide vertical 
support for the contact header 36. A pair of circular 
openings with radially extending slots 40a, 40b are sym 
metrically formed on opposite sides of the cross mem 
ber 15 so that the lever 30 may be mounted to either side 
of the cross member 15. An aperture 48 is provided in 
the center of the cross member 15 for purposes de 
scribed hereinafter. 
FIG. 6 is a top view of a blank from which a push 

rod, e.g. push rod 24 of FIG. 1, may be formed. Accord 
ing to another important feature of the present inven 
tion, the push rod blank may be bent or folded along the 
dashed lines 67 in either direction to form a push rod for 
mounting on either one of the guide rails 14, 16. FIG. 7 
illustrates the formation of a push rod, e.g. push rod 24 
of FIG. 1, for mounting on guide rail 14. However, by 
folding the blank in the opposite directions, a push rod 
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may be formed for mounting on guide rail 16. Thus, the 
same blank may be used to form both push rods. 
A plurality of tabs 26, 28, 62 and 64 are integrally 

formed on the push rod 24 and are arranged to mate 
with the corresponding slots 18a, 20a, 19a and 25a on 
guide rail 14. One end of the push rod 24 has a tab 
member 52 integrally formed thereon that preferably 
comprises a bifurcated arm having first and second 
branches 54 and 56 spaced at a narrow interval. A pair 
of radially extending projections 58, 60 are formed at 
the distal ends of the respective branches 54, 56. As a 
result of the arrangement of bend lines 67 shown in 
FIG. 6, the push rod 24 has a sideward extension 63 at 
the end 61 opposite the tab member 52. Additionally, a 
cutout 65 is provided near the end 61 of the push rod 24. 
When the push rod 24 is mounted on a guide rail, e.g. 
guide rail 14, the cutout 65 ensures access to the mount 
ing means 50 integrally formed on the guide rail. The 
top 69 of the push rod 24 is wider than the bottom 71 
such that the top 69 of the push rod 24 overlaps the top 
of the guide rail when tabs 26 and 28 are aligned with 
slots 18, 20. 
FIGS. 8 and 9 show further details of the lever 30 of 

FIG. 1. As shown, the lever 30 has a circular projection 
72 with radially extending tabs 74 for mounting the 
lever 30 through one of the slotted openings 40a, 40b in 
the cross member 15 of the one-piece frame 12. One end 
of the lever 30 has an integral claw 42 formed thereon 
for coupling the lever 30 to the ejector plate 32, as more 
fully described hereinafter. The other end of the lever 
30 is bent downward to form a depending side portion 
31 of the lever 30. A raised slot 70 is formed on the inner 
side of the depending portion 31 for coupling the lever 
30 to the push rod 24, as more fully described below. 
The raised slot 70, circular projection 72, radially ex 
tending slots 74, and claw 42 may all be integrally 
formed with the lever by, for example, stamping these 
features from a blank of the lever. 
FIG. 10a is a top view of the contact header 36 of 

FIG. 1. A contact array 38 is disposed across the width 
of the contact header 36. Extension arms 78a, 78b ex 
tend from respective sides of the contact header 36. 
Each extension arm 78a, 78b has a respective projection 
79a, 79b integrally formed at its distal end. During as 
sembly of the connector apparatus 10, the contact 
header 36 is coupled to the one-piece frame 12 by insert 
ing the extension arms 78a, 78b into the respective guide 
rails 14, 16 at the end proximate the cross member 15. 
The contact header is inserted between the respective 
guide rails 14, 16 until the projections 79a, 79b on the 
respective arms 78a, 78b snap into the respective aper 
tures 39a, 39b in the guide rails 14, 16. Once positioned 
within the frame, the upper surfaces 83 on the contact 
header abut the underside of the cross member 15. A 
surface 77 on the contact header 36 forms a recessed 
ledge that supports the ejector plate 32 and allows it to 
slide toward and away from the contact array 38. 
FIG. 10b is a side view of the contact header 36 of 

FIG. 100. FIG. 10b illustrates the respective elevations 
of the surfaces 81, 83 and 77 of the contact header 6. 
Mounting holes 76a and 76b are integrally formed in the 
contact header 36 to facilitate connection of the contact 
apparatus 10 to a host device (not shown). Additional 
mounting holes 840 and 84b may also be provided. 
FIGS. 11 and 12 show further details of the ejector 

plate 32. As shown, the ejector plate 32 has a pair of 
ejection hooks 34a, 34b depending from the underside 
of the ejector plate 32. Arms 82a and 82b extend from 
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respective sides of the ejector plate 32. When the con 
nector apparatus 10 is fully assembled, the arms 82a and 
82b are slidingly supported on the recessed ledge 77 of 
the contact header 36. As further shown, an integral 
claw 44 and a small projection 43 are formed in the 
center of the ejector plate 32. U-shaped cutouts 80 are 
symmetrically positioned on either side of the ejector 
plate. The cutouts 80 enable the ejector plate 36 to 
avoid interference with the circular projection 72 and 
radially extending tabs 74 of the lever 30 when the lever 
30 is mounted to the cross member 15. 
FIG. 13 is a top view of a portion of the assembled 

connector apparatus 10 of FIG. 1. In the example 
shown in FIG. 13, the push rod 24 is mounted on guide 
rail 14. However, the push rod 24 may alternatively be 
mounted on guide rail 16 in the same manner. As men 
tioned, the symmetry of the one-piece frame allows a 
push rod to be mounted on either side of the frame 12. 
As further shown in FIG. 13, the push rod 24 is 
mounted on the guide rail 14 by inserting the tabs 26, 28 
in the respective slots 18a, 20a on the top of the guide 
rail 14. Tabs 62, 64 (not shown) are similarly inserted 
through respective slots 19, 25 (not shown) in the side of 
guide rail 14. As mentioned previously, a portion of the 
top 69 of the push rod 24 overlaps the top of the guide 
rail 14. Tabs 26, 28 and 62, 64 are able to slide within 
their respective slots 18, 20 and 19, 25 so that the push 
rod 24 can slide back and forth lengthwise of the guide 
rail 14. 
The lever 30 is rotatably mounted on the cross mem 

ber 15 by ?rst aligning the radially extending tabs 74 on 
the circular projection 72 of the lever 30 with the radi 
ally extending slots of the opening 40a in the cross mem 
ber 15 and then inserting the circular projection 72 
through the opening 40a. Once the circular projection 
72 has been inserted through the opening 40a, the lever 
30 is rotated into the position shown in FIG. 13 so that 
the radially extending tabs 74 are no longer aligned with 
the radially extending slots. Cutouts 45a and 45b are 
provided at the corners of the frame 12 so that the 
corners do not interfere with the depending portion 31 
of the lever 30 as it is rotated into place. As illustrated 
in FIG. 16, the radially extending tabs 74 extend past 
the outer circumference of the opening 400 thereby 
retaining the lever 30 on the cross member 15 while 
allowing the lever 30 to rotate in a plane parallel to the 
plane of the cross member 15. As can be appreciated, if 
the push rod 24 were instead mounted on guide rail 16, 
the lever 30 would be mounted on the opposite side of 
the cross member 15 through slotted opening 40b. 

Referring again to FIG. 13, the push rod 24 is cou 
pled to the depending portion of the lever 30 by insert 
ing the tab member 52 through the raised slot 70 inte 
grally formed on the inner side of the depending portion 
31. FIG. 14 illustrates this coupling in greater detail. As 
can be appreciated, as the tab member 52 is pushed 
through the raised slot 70, the inclined edges of the 
respective projections 58, 60 engage with the respective 
sides of the raised slot 70. The engagement of the in 
clined edges with the respective sides of the raised slot 
70 causes the ?rst and second branches 54, 56 of the 
bifurcated arm of the tab member 52 to spring together 
so that the projections 58, 60 are able to slide through 
the raised slot 70. Once the projections 58, 60 have 
passed through the raised slot 70, the ?rst and second 
branches 54, 56 spring outward to their original posi 
tions such that the rear edges of each projection 58, 60 
extend past the respective sides of the raised slot 70 and 
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prevent the push rod 24 from moving backward out of 
the raised slot 70. As can be appreciated, the push rod 
24 and lever 30 will move back and forth in tandem 
during manual operation of the push rod 24. When the 
push rod 24 is pushed toward the contact header 36, the 
lever 30 will rotate accordingly causing the opposite 
end of the lever 30 to move away from the contact 
header 36. 
FIG. 15 is an end view of the connector apparatus 10 

of FIG. 13 illustrating further details of how the push 
rod 24 is mounted on the guide rail 14. As shown, tabs 
26 and 28 on the push rod 24 are inserted through the 
respective slots 18a and 20a on guide rail 14. Tabs 62 
and 64 of the push rod 24 are inserted through the cor 
responding slots 19a and 25a on the side of the guide rail 
14. FIG. 15 also illustrates the insertion of an exemplary 
memory card 8 along guide rail 14. As shown, the pro 
jections 17 on the top and bottom surfaces of the guide 
rail 14 provide vertical guidance for the card 8. Guide 
member 21a provides lateral guidance for the card 8. 
Spring contact 22a engages with the side of the memory 
card 8. For convenience of illustration, guide member 
23a is not shown. 
As can be appreciated, the use of tab and slot arrange 

ments for mounting the push rod 24 to the guide rail 14, 
for coupling the push rod 24 to the lever 30, and for 
coupling the lever 30 to the cross member 15 eliminates 
the need for additional coupling hardware found in 
many prior art connectors and greatly simpli?es assem 
bly. Additionally, the tab and slot arrangements provide 
an extremely low-pro?le coupling. Those skilled in the 
art will appreciate that the present invention is not lim 
ited to the particular tab and slot structures illustrated in 
the present embodiment. Other structures may be em 
ployed without deviating from the spirit and scope of 
the present invention. 
FIG. 17 is a cross sectional view of the connector 

apparatus taken along line 17—17 of FIG. 13. As 
shown, the ejector plate 32 and lever 30 are positioned 
on opposite sides of the cross member 15. In the pre~ 
ferred embodiment, the ejector plate 32 is positioned on 
the underside of the cross member 15, and the lever 30 
is positioned on the upper surface of the cross member 
15. However, the respective positions could be re 
versed. 
As shown, the lever 30 is coupled to the ejector plate 

32 through the aperture 48 in the cross member 15. 
Speci?cally, the integral claw 42 formed on the lever 30 
mates with a corresponding claw 44 integrally formed 
on the ejector plate 32. As can be appreciated, there 
fore, movement of the lever 30 away from the contact 
header 36 will cause the ejector plate 32 to move in the 
same direction. Similarly, movement of the ejector plate 
32 toward to the contact header 36 will cause the lever 
30 to move in that direction. A small projection 43 is 
also integrally formed on the ejector plate 32 so as to be 
positioned behind the claw 42 of the lever 30. Projec 
tion 43 is provided so that if the push rod 24 is manually 
pulled away from the contact header 36, the ejector 
plate 32 will move in the opposite direction. As men 
tioned previously, the ejector plate 32 has a pair of 
ejection hooks 34a, 34b depending therefrom. Ejection 
hook 34a is illustrated in the Figure. As shown, ejection 
hook 34a is arranged to engage with the forward end 
face 7 of a memory card 8 inserted into the connector 
apparatus 10. 
FIG. 18 illustrates further details of the plastic button 

5 of FIG. 1. As shown, the plastic button 5 is slotted to 
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form an insertion member 4 and a stabilizing member 3. 
The plastic button 5 is mounted on the end 61 of the 
push rod 24 by inserting the insertion member 4 into the 
sideward extension 63 of the push rod 24. The slot 2 that 
forms the respective members 3, 4 is preferably dimen 
sioned so that the opposing surfaces of the insertion 
member 3 and stabilizing member 4 ?t tightly against 
the respective surfaces of the push rod 24. As shown in 
FIGS. 19a and 19b, the plastic button 5 may be mounted 
in either a horizontal or vertical orientation. 

Referring, again to FIG. 17, in use, when a memory 
card, e.g., memory card 8, is inserted into the connector 
apparatus 10 and pushed into engagement with the 
contact array 38, the forward end face 7 of the card 8 
engages with the pair of ejection hooks 34a, 34b thereby 
pushing the ejector plate 32 toward the contact header 
36. The movement of the ejector plate 32 toward the 
contact header 36 is translated through lever 30 into 
movement of the push rod 24 away from the contact 
header 36. When it is desired to remove the memory 
card 8 from the connector apparatus 10, the user manu 
ally pushes the push rod 24 toward the contact header 
36. As can be appreciated, motion of the push rod 24 
toward the contact header 36 is translated through the 
lever 30 into movement of the ejector plate 32 away 
from the contact header 36. As the ejector plate 32 
moves away from the contact header 36, the ejection 
hooks 34a, 34b engage with the forward end face 7 of 
the memory card 8 thereby disconnecting the card 8 
from the contact array 38 and pushing the card 8 back 
ward out of the connector apparatus 10. 
As the foregoing illustrates, the present invention is 

directed to a connector apparatus having a one-piece 
integrated metallic frame 12 that is easy to manufacture 
and signi?cantly reduces the overall cost of the connec 
tor apparatus 10. By integrating many of the functional 
components in a one-piece frame 12, the number of 
components in the connector apparatus 10 is greatly 
reduced, and the assembly of the connector apparatus 
10 is greatly simpli?ed. The use of tab and slot arrange 
ments for coupling various components of the ejector 
mechanism to the one-piece frame 12 eliminates the 
need for additional mounting hardware and substan 
tially reduces the pro?le of the connector. A preferred 
embodiment allows symmetrical placement of a push 
rod 24 on either side of the frame 12. The present inven 
tion may be embodied in other speci?c forms without 
departing from the spirit or central attributes thereof, 
and, accordingly, reference should be made to the fol 
lowing claims rather than to the foregoing speci?cation 
as indicating the scope of the present invention. 
What is claimed is: 
1. A connector apparatus for a plate-like integrated 

circuit card, comprising: 
a one-piece metallic frame having a cross member 
and a pair of guide rails integrally extending from 
said cross member in at least one direction and 
spaced at an interval substantially equal to a width 
of said plate-like integrated circuit card, at least one 
of the guide rails having push rod mounting means 
integrally formed on said one-piece frame; 

a push rod slidably mounted to said at least one guide 
rail via the push rod mounting means integrally 
formed thereon, said push rod being operable to 
slide back and forth lengthwise of said at least one 
guide rail; 

a contact header coupled to said frame proximate the 
cross member thereof and having a plurality of 
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contacts arranged to electrically connect with a 
card inserted between said guide rails; 

an ejector plate movably coupled to said frame proxi 
mate the cross member thereof and operable to 
slide toward and away from said contact header in 
a direction parallel to the lengthwise extension of 
the guide rails, said ejector plate having engaging 
hooks to engage with a forward end face of an 
integrated circuit card connected to the contacts 
on said contact header; and 

a lever rotatably mounted on the cross member of 
said frame and having a ?rst end coupled to said 
ejector plate and a second end coupled to said push 
rod. 

2. A connector apparatus as recited in claim 1 
wherein the push rod mounting means integrally 
formed on said at least one guide rail comprises a plural 
ity of narrow slots formed on said at least one guide rail, 
and wherein said push rod has a plurality of tabs inte 
grally formed thereon and arranged to correspond with 
the plurality of narrow slots on said at least one guide 
rail, said push rod being mounted on the guide rail by 
inserting the tabs on the push rod through the corre 
sponding narrow slots on the guide rail, the tabs on said 
push rod being operable to slide in the narrow slots 
when said push rod is driven back and forth lengthwise 
of the guide rail. 

3. A connector apparatus as recited in claim 1 
wherein each of said guide rails has push rod mounting 
means integrally formed thereon so that the push rod 
may be selectively mounted to either one of said guide 
rails. . 

4. A connector apparatus as recited in claim 1 
wherein at least one static discharge contact is inte 
grally formed on at least one of the guide rails of said 
one-piece metallic frame. 

5. A connector apparatus as recited in claim 1 
wherein at least one spring contact for mating with a 
ground contact on a Type III memory card is integrally 
formed on at least one of the guide rails of said one 
piece metallic frame. 

6. A connector apparatus as recited in claim 1 
wherein said ejector plate and said lever are positioned 
on opposite sides of the cross member of said one-piece 
metallic frame, and wherein the ?rst end of said lever is 
coupled to said ejector plate via an aperture in the cross 
member. 

7. A connector apparatus as recited in claim 1 
wherein said one-piece metallic frame is formed from a 
blank that is stamped from a ?at sheet of metal and then 
bent at predetermined locations to form the guide rails. 

8. A connector apparatus as recited in claim 1 
wherein said push rod is formed from a blank that is 
stamped from a ?at sheet of metal and then folded along 
the length thereof at predetermined locations to form 
said push rod. 

9. A connector apparatus as recited in claim 1 
wherein the length and width dimensions of said ejector 
plate are less than or equal to the respective dimensions 
of said cross member. 

10. A connector apparatus as recited in claim 1 
wherein said push rod, said ejector plate and said lever 
are formed of metal, and wherein said contact header is 
formed of plastic. 

11. A connector apparatus as recited in claim 1 
wherein each of said integrally extending guide rails has 
a substantially U-shaped cross section formed by bend 
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ing a blank of the one-piece frame at predetermined 
locations. 

12. A connector apparatus as recited in claim 1 
wherein said lever is rotatably coupled to said cross 
member via a tab and slot mechanism integrally formed 
on said lever and said cross member. 

13. A connector apparatus as recited in claim 12 
wherein the tab and slot mechanism comprises a circu 
lar opening with radially extending slots integrally 
formed on the cross member and a circular projection 
with radially extending tabs integrally formed on the 
lever, said lever being rotatably mounted on said cross 
member by aligning the radially extending tabs and 
slots, inserting the circular projection through the cir 
cular opening, and then rotating the lever into place 
such that the tabs are no longer aligned with the slots 
and extend past the outer circumference of the circular 
opening on the opposite side of said cross member. 

14. A connector apparatus as recited in claim 13 
wherein the cross member has a pair of circular open 
ings with radially extending slots symmetrically spaced 
about a midpoint of the cross member, said lever being 
selectively mounted through one of said pair of open 
ings depending upon on which guide rail the push rod is 
mounted. 

15. A connector apparatus as recited in claim 1 
wherein the second end of said lever is coupled to said 
push rod via a tab and slot mechanism integrally formed 
on said push rod and the second end of said lever. 

16. A connector apparatus as recited in claim 15 
wherein the tab and slot mechanism comprises a raised 
slot integrally formed on the second end of said lever, 
and a tab member integrally extending from one end of 
the push rod, the tab member having a retaining means 
integrally formed at the distal end thereof, said push rod 
being coupled to said lever by inserting the tab member 
through the raised slot, the tab member being retained 
in the slot by the retaining means. 

17. A connector apparatus as recited in claim 16 
wherein the tab member comprises a bifurcated arm 
having ?rst and second parallel branches, and wherein 
the retaining means comprises a pair of radially extend 
ing projections each integrally formed at the distal end 
of a respective branch of said arm. 

18. A connector apparatus as recited in claim 17 
wherein each projection has a rearward edge extending 
outward from its respective branch substantially per 
pendicular thereto and an inclined forward edge 
adapted to slidingly engage with a respective side of the 
raised slot as the bifurcated arm is inserted there 
through, the engagement of the inclined edges with the 
respective sides of the raised slot operating to force the 
?rst and second branches of said arm together so that 
the projections are able to slide through the raised slot, 
the ?rst and second branches springing outward once 
the rearward edge of each projection passes through the 
slot. 

19. A one-piece integrated metallic frame for use in a 
connector apparatus for plate-like integrated circuit 
cards, comprising: 
a cross member; and 
a pair of guide rails integrally formed with said cross 
member and extending therefrom in at least one 
direction, said guide rails being spaced at an inter 
val substantially equal to a width of a plate-like 
integrated circuit card, at least one of the guide 
rails having push rod mounting means integrally 
formed on said one-piece frame. 
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20. A one-piece integrated metallic frame as recited in 

claim 19 wherein the push rod mounting means inte 
grally formed on said at least one guide rail comprises a 
plurality of narrow slots formed in said at least one 
guide rail, and wherein a push rod to be mounted to said 
at least one guide rail has a plurality of tabs integrally 
formed thereon and arranged to correspond with the 
plurality of narrow slots on the guide rail. 

21. A one-piece integrated metallic frame as recited in 
claim 19 wherein each of said guide rails has push rod 
mounting means integrally formed thereon so that a 
push rod may be selectively mounted to either one of 
said guide rails. 

22. A one-piece integrated metallic frame as recited in 
claim 19 wherein at least one static discharge contact is 
integrally formed on at least one of the guide rails of 
said one-piece metallic frame. 

23. A one-piece integrated metallic frame as recited in 
claim 19 wherein at least one spring contact for mating 
with a corresponding ground contact on a Type III 
memory card is integrally formed on at least one of the 
guide rails of said one-piece metallic frame. 

24. A one-piece integrated metallic frame as recited in 
claim 19 wherein the cross member of said frame has at 
least one opening for mounting a rotatable lever to the 
cross member. 

25. A one-piece integrated metallic frame as recited in 
claim 19 wherein said one-piece metallic frame is 
formed from a blank that is stamped from a ?at sheet of 
metal and then bent at predetermined locations to form 
the guide rails and cross member. 

26. A one-piece integrated metallic frame as recited in 
claim 19 wherein each of said integrally extending guide 
rails has a substantially U-shaped cross section formed 
by bending a blank of the one-piece frame at predeter 
mined locations. 

27. A oue-piece integrated metallic frame as recited in 
claim 19 wherein the cross member has an aperture 
extending therethrough at about the midpoint thereof so 
that an ejector plate and a lever positioned on opposite 
sides of the cross member may be coupled to each other 
through the aperture. 

28. A one-piece integrated metallic frame as recited in 
claim 27 wherein said at least one opening comprises a 
circular opening with radially extending slots for 
mounting a rotatable lever having a circular projection 
with radially extending tabs. 

29. A one-piece integrated metallic frame as recited in 
claim 27 wherein the cross member has a pair of open 
ings symmetrically spaced about a midpoint of the cross 
member for selectively mounting a rotatable lever to 
either side of said cross member. 

30. A method of making a connector apparatus for 
plate-like integrated circuit cards, comprising the steps 
Of: 

forming a thin metallic blank of a one-piece inte 
grated frame; and 

bending the blank at predetermined locations to form 
a pair of guide rails that integrally extend from a 
cross member portion of the blank in at least one 
direction and that are spaced at an interval substan 
tially equal to a width of a plate-like. integrated 
circuit card, at least one of the guide rails having 
push rod mounting means integrally formed on said 
one-piece frame. 

31. A method of making a connector apparatus as 
recited in claim 30 wherein the blank is bent at said 
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predetermined locations to form guide rails each having 
a substantially U-shaped cross-section. 

32. A method of making a connector apparatus as 
recited in claim 30, further comprising the step of inte 
grally forming at least one static discharge contact on at 
least one of the guide rails of said one-piece metallic 
frame. 

33. A method of making a connector apparatus as 
recited in claim 30, further comprising the step of inte 
grally forming, on at least one of the guide rails, at least 
one spring contact for mating with a corresponding 
ground contact on a Type III memory card. 

34. A method of making a connector apparatus as 
recited in claim 30 wherein the step of forming a blank 
of the one-piece integrated frame comprises stamping 
the blank from a sheet of metal. 

35. A method of making a connector apparatus as 
recited in claim 30, further comprising the steps of: 
mounting a push rod on said at least one guide rail of 

said frame via the push rod mounting means inte 
grally formed on said at least one guide rail; 

coupling an ejector plate to said frame proximate the 
cross member thereof; and 

coupling a lever to the cross member of said frame 
such that the lever is operable to rotate in a plane 
parallel to the plane of the cross member, the lever 
having a ?rst end and a second end. 

36. A method of making a connector apparatus as 
recited in claim 35 wherein push rod mounting means 
are integrally formed on each of the guide rails, and 
wherein the push rod is mounted on a selected one of 
the guide rails. 

37. A method of making a connector apparatus as 
recited in claim 35 wherein the push rod mounting 
means integrally formed on said at least one guide rail 
comprises a plurality of narrow slots formed in said at 
least one guide rail, and wherein the push rod has a 
plurality of tabs integrally formed thereon and arranged 
to correspond with the plurality of narrow slots on the 
guide rail, and further wherein the step of mounting the 
push rod to said at least one guide rail comprises insert 
ing the tabs on the push rod through the corresponding 
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narrow slots on the guide rail, the tabs on said push rod 
being operable to slide in the narrow slots when said 
push rod is driven back and forth lengthwise of the 
guide rail. 

38. A method of making a connector apparatus as 
recited in claim 35 wherein the ejector plate and the 
lever are positioned on opposite sides of the cross mem 
ber, further comprising the step of coupling one end of 
the lever to the ejector plate through an aperture in the 
cross member. 

39. A method of making a connector apparatus as 
recited in claim 35 wherein the cross member has a 
circular opening with radially extending slots and the 
lever has a circular projection with radially extending 
tabs, and wherein the step of coupling the lever to the 
cross member comprises the steps of: 

aligning the radially extending tabs on the lever with 
the radially extending slots of the circular opening 
of the cross member; 

inserting the circular projection through the circular 
opening; and thereafter, 

rotating the lever into place such that the tabs are no 
longer aligned with the slots and extend past the 
outer circumference of the circular opening on the 
opposite side of said cross member. 

40. A connector apparatus as recited in claim 35 fur 
ther comprising the step of coupling one end of the 
lever to the push rod via a tab and slot mechanism 
integrally formed on said push rod and said one end of 
the lever. 

41. A connector apparatus as recited in claim 40 
wherein the tab and slot mechanism comprises a raised 
slot integrally formed on said one end of the lever and 
a tab member integrally extending from one end of the 
push rod, the tab member having a retaining means 
integrally formed at the distal end thereof, and wherein 
the step of coupling the push rod to said one end of the 
lever comprises inserting the tab member through the 
raised slot until the tab member is retained in the slot by i 
the retaining means. 

* * * * 1|: 


